Introduction
============

Chronic shoulder pain (CSP) is the third most frequently reported type of musculoskeletal pain.[@b1-jpr-11-505] It is a chronic condition that causes pain along with functional limitations in the affected persons and causes substantial negative effect on the quality of life[@b2-jpr-11-505] with a heavy social and economic burden.[@b3-jpr-11-505],[@b4-jpr-11-505] Significant differences in the prevalence of CSP (from 6.9% to 26%) have been noted for point prevalence, and it has up to a 66.7% lifetime prevalence in the general population.[@b2-jpr-11-505],[@b5-jpr-11-505]

In recent years, acupuncture, as a widely used form of complementary and alternative medicine, has gained popularity and has been accepted by countries around the world because it has been shown to successfully treat patients with chronic pain.[@b6-jpr-11-505] In addition, a large number of clinical studies[@b7-jpr-11-505]--[@b11-jpr-11-505] and a meta-analysis[@b12-jpr-11-505] have demonstrated that acupuncture is effective and safe in the treatment of shoulder pain.

Resting-state functional magnetic resonance imaging (rs-fMRI) has been extensively used to explore the underlying brain mechanisms of pain management and relative disorders due to its advantages such as having high resolution, absence of radiation, and ease of application. Among all kinds of rs-fMRI data analysis methods, regional homogeneity (ReHo) is an advanced technique to measure the characteristics of regional activity of each voxel within the brain rather than to measure the generalized neuronal activity.[@b13-jpr-11-505],[@b14-jpr-11-505] Alterations in ReHo may serve as a neural marker which reflect the progress of a particular disease.[@b15-jpr-11-505] Numerous studies have shown the difference in brain function between patients with chronic pain and healthy subjects, involving the limbic system (especially anterior cingulated cortex \[ACC\]), brainstem, and the somatosensory system (especially supplementary motor area, parietal cortices, and primary and secondary somatosensory cortex \[S1, S2\]), insular cortex, and superior frontal gyrus.[@b15-jpr-11-505]--[@b19-jpr-11-505]

Previous neuroimaging studies have demonstrated that acupuncture can significantly modulate brain activation patterns in both healthy subjects and in patients with pain, but the results were found to be inconsistent. A study[@b20-jpr-11-505] discovered more pronounced activation of insula and S2 as well as deactivation of precuneus during stimulation at Zusanli (ST 36) than that of nonacupuncture point locations. A recent study[@b21-jpr-11-505] suggested that acupuncture regulates the dysfunction of the ascending input/descending modulation system. Furthermore, a study on CSP showed that values of ReHo were found to be significantly increased bilaterally in the middle frontal gyrus and decreased in the left middle cingulate gyrus, supplementary motor area, superior frontal gyrus, right postcentral gyrus, insula, and superior parietal lobule.[@b22-jpr-11-505]

In the clinical treatment of CSP, acupuncture at contralateral acupoints has better effect,[@b8-jpr-11-505],[@b23-jpr-11-505] though some studies have suggested that there were no statistically significant differences between the contralateral and ipsilateral acupuncture groups.[@b24-jpr-11-505] Appropriate selection of contralateral and ipsilateral acupuncture (corresponding to the pain site) makes a difference in achieving a better treatment effect. Nevertheless, the relevant brain mechanism still remains unclear. Therefore, we explored the different brain mechanisms of acupuncture by stimulating Tiaokou (ST 38) on the contralateral or affected side for left shoulder pain by using rs-fMRI combined with ReHo. In this pilot study, we hypothesized that 1) compared with acupuncture at the ipsilateral ST 38, there might be a superior effect with the contralateral point in patients with unilateral shoulder pain and that 2) there are different modulatory mechanisms between acupuncture at contralateral and ipsilateral ST 38 point.

Patients and methods
====================

Population
----------

Patients with CSP were recruited from acupuncture clinics at the Beijing Hospital of Traditional Chinese Medicine, Affiliated to Capital Medical University. The trial was performed from December 2016 to July 2017. Screening and clinical assessment were accomplished via a face-to-face interview prior to participation. Twenty-four patients with CSP experiencing pain in their left shoulder were randomly assigned, and 20 patients were finally analyzed (data from three participants were excluded because of excessive head movement during rs-fMRI, and one was dropped-out because of refusing the second fMRI scanning; all these belonged to the ipsilateral group).

All of the participants met the following criteria: 1) age between 45 and 65 years, inclusive, and right-handed; 2) left-sided shoulder pain for at least 6 weeks and no more than 1 year; 3) visual analog scale (VAS) score of 50--100 mm inclusive (0--100 mm, 0 mm indicated "no pain at all" and 100 mm indicated "worst pain imaginable") in the past week; 4) no other chronic pain conditions or a history of shoulder trauma; 5) no other current therapy involving analgesics for the pain; 6) no clear organic lesion or obvious asymmetry of brain structures on MRI scan; 7) no history of neurological or psychiatric disorders such as major depressive disorder, bipolar disorder, schizophrenia, or obsessive compulsive disorder; and 8) no history of alcohol or substance abuse.

Ethics
------

This study was approved by the Research Ethical Committee of Beijing Hospital of Traditional Chinese Medicine, Affiliated to Capital Medical University (reference: 201315). We provided with a description of the study procedures and obtained written informed consent from all the participants.

Procedures
----------

We performed a process of scan--acupuncture--scan ([Figure 1](#f1-jpr-11-505){ref-type="fig"}) after randomization and accomplished a clinical assessment before and after acupuncture treatment respectively. Briefly, 5 min after the first scan, the subjects received acupuncture at contra- or ipsi- ST 38 for 20 min. Then, 5 min after the treatment, the subjects had the second scan. Twenty-four participants with left chronic shoulder pain were randomized in two groups: the contralateral group (on the contralateral side with traditional acupuncture at ST 38, n = 12) or the ipsilateral group (on the affected side with traditional acupuncture at ST 38, n = 12), according to a computerized randomization schedule generated with SPSS19.0 software.

Imaging procedure
-----------------

All patients underwent the fMRI scan on a 3.0 T whole body MRI scanner (Symphony; Siemens Medical System, Erlangen, Germany) with a standard head coil in the Imaging Center for Brain Research. Participants were scanned in a supine position with their heads snugly fixed by straps and foam pads to minimize the head movement.

Rs-fMRI data were acquired using a gradient echo planar imaging (EPI) sequence with the following parameter: repetition time (TR) = 2000 ms, echo time (TE) = 30 ms, field of view (FOV) = 220 mm × 220 mm, flip angle (FA) = 90°, slice thickness/gap = 3.5/0.6 mm, axial slices = 33, in-plane resolution = 64 × 64, and 240 volumes covering the whole brain. All of the participants were asked to close their eyes without thinking or sleeping during the entire rs-fMRI scan. After scanning, all of the participants reported that they were fully awake during the procedure.

Acupuncture manipulation
------------------------

The patients were asked to remain seated and to relax their shoulders. In this trial, the acupuncturist inserted disposable needle (Huatuo disposable acupuncture needle; Suzhou Medical Co. Ltd., Jiangsu, People's Republic of China) to a depth of 10--15 mm at the subject's Tiaokou (ST 38, contralateral or ipsilateral, [Figure 2](#f2-jpr-11-505){ref-type="fig"}) between the two MRI scans, lifting, thrusting, and twirling approximately 180° to induce the deqi sensation for 30 s. Needle insertions were maintained for 20 min. During the period of manipulation, the subjects were asked to perform active mobilization of the left shoulder, in abduction, internal, and external rotation. At the end of manipulation, participants were asked to complete the clinical data evaluation.

Clinical assessment
-------------------

The researchers responsible for clinical assessment were blinded to the treatment group allocation. Personal data and details of the subjects' medical history and present condition were acquired in the out-patient office including age, gender, education, residence, and duration of shoulder pain. The VAS and the Constant--Murley score (CMS)[@b25-jpr-11-505] were evaluated before and after acupuncture to indicate the pain intensity and function. All the evaluations and imaging were performed on the same day.

Imaging data preprocessing
--------------------------

The rs-fMRI data were preprocessed using the Data Processing Assistant and Resting-State fMRI (DPARSF) toolbox for MATLAB.[@b26-jpr-11-505] The first 10 volumes for each subject were discarded to attain the signal equilibrium. The remaining volumes were processed with the slice timing, motion correction, spatially realigned, and spatial normalization to the Montreal Neurological Institute (MNI) for each subject. Then the processed data were re-sampled to 3 × 3 × 3 mm^3^. The linear trend of the signals was removed, and a filter with a frequency range of 0.01--0.1 Hz was applied. Subjects were eliminated if head motion was more than 3 mm or more than 3° in translation or rotation.

ReHo analysis
-------------

ReHo was computed based on the Kendall's coefficient of concordance (KCC) of the time series of the voxel with its nearest 26 neighboring voxels using DPARSF, followed by a smoothing procedure with a Gaussian kernel with a full-width-half-maximum (FWHM, 6 mm) to minimize the noise and residual differences of the preprocessed images.

Statistical analysis
--------------------

A two-sample independent *t*-test was used to compare the clinical data variables, and a paired-samples *t*-test was used to examine within-group changes using SPSS 19.0. On the individual ReHo maps, statistical analysis was performed using the rs-fMRI Data Analysis Toolkit (Song et al, Beijing Normal University, Beijing, People's Republic of China, <http://www.restfmri.net>). A two-sample independent *t*-test was performed to compare the results of ReHo between the two groups (*p* \< 0.05). Then, a paired-samples *t*-test (*p* \< 0.05) was performed to extract the results of ReHo across the subjects within each group.

Results
=======

Demographic and clinical characteristics
----------------------------------------

[Table 1](#t1-jpr-11-505){ref-type="table"} shows the demographic characteristics of all participants in each group. Except for education level (*p* = 0.030), there were no significant differences in demographic variables between the two groups (*p* \> 0.05). The average baseline pain intensity score on VAS and function evaluation score on CMS were found to be respectively 67.92 ± 16.16 mm and 50.67 ± 9.94 in the contra-group, whereas it was found to be respectively 60.63 ± 7.29 mm and 56.88 ± 16.69 in the ipsi-group ([Table 1](#t1-jpr-11-505){ref-type="table"}).

Clinical outcomes, pain intensity and shoulder function of patients with left shoulder pain in contra- and ipsi-group were found to be significantly improved (contra-group VAS −20.42 \[95% CI: −32.79 -- −8.04\], *p* = 0.004; contra-group CMS 15.67 \[95% CI 8.90--22.43\], *p* = 0.000; ipsi-group VAS −8.75 \[95% CI: −14.11 -- −3.39\], *p* = 0.006; ipsi-group CMS 4.50 \[95% CI: 2.24--6.87\], *p* = 0.003). The mean objective shoulder function improvement in patients who underwent contra-acupuncture had an obvious advantage compared with those who underwent ipsi-acupuncture (*p* = 0.010), whereas pain intensity was not found to be insignificantly different (*p* = 0.122).

ReHo analysis
-------------

To explore the effects of the two treatments in the contra-group (post minus pre) and ipsi-group (post minus pre), the differences in ReHo values between pre and posttreatment were assessed and compared between the two groups. It revealed that the ReHo values in the ACC were found to be significantly more increased by treatment in the contra-group than that of ipsi-group ([Figure 3](#f3-jpr-11-505){ref-type="fig"}).

Further analysis showed that the effect of acupuncture stimulating in contralateral or ipsilateral ST 38 displayed great diversity in ReHo signal changes within each group (post minus pre acupuncture) ([Table 2](#t2-jpr-11-505){ref-type="table"}), revealing the underlying different brain effects between contra- and ipsi-acupuncture. The brain map of pre and postacupuncture in both groups have been shown in [Figure S1](#SD1-jpr-11-505){ref-type="supplementary-material"}. In the contra-group, the ReHo signals of bilateral anterior cingulate gyrus, right inferior parietal lobule, and inferior frontal gyrus were found to be significantly increased, and the left superior parietal lobule, right supplementary motor area, and postcentral gyrus were found to be decreased. However, the ipsi-group demonstrated a different pattern. The ReHo was found to be increased in left middle frontal gyrus and were found to be decreased in the bilateral brainstem, right thalamus, and limbic lobe ([Figure 4](#f4-jpr-11-505){ref-type="fig"}).

Discussion
==========

In this study, we investigated the clinical changes including shoulder pain intensity and function in patients with CSP before and after acupuncture treatment, as well as the different modulatory mechanisms between contra- and ipsi-acupuncture by means of the voxel-based analysis of MRI-derived ReHo maps. According to our results, both pain intensity and shoulder function improved in the two groups. Acupuncture treatment at the contra-group showed a significantly greater improvement in shoulder function than ipsi-group, but no obvious difference was found in changes of pain intensity in this study. We observed that contra- and ipsi-acupuncture have different modulation effects on ReHo of ACC in patients with CSP. To elucidate the reasons for the different mechanisms, further analysis was conducted. We found alterations in ReHo in the ACC, supplementary motor area, inferior parietal lobule, inferior frontal gyrus, superior parietal lobule, and postcentral gyrus after acupuncture at the contralateral ST 38 site, whereas alterations in ReHo in the brainstem, thalamus, limbic lobe, and middle frontal gyrus were seen after acupuncture at ipsilateral ST 38.

Previous studies have suggested that most of these regions are involved in the analgesic effects in the brain.[@b27-jpr-11-505] Interestingly, the ACC may be the most important area in contralateral acupuncture treatment, whereas the brainstem may be the most important region in ipsilateral acupuncture treatment.

This finding is in line with many brain imaging studies reporting that the ACC is a key region of the central pain modulatory system. Previous studies and meta-analysis[@b28-jpr-11-505] have suggested that the ACC is involved in pain information processing in the brain and is associated with the affective component of pain. Furthermore, a previous study[@b29-jpr-11-505] has shown that lesions of the rostral ACC completely inhibited the anti-nociceptive effects of contra- but not ipsilateral electro-acupuncture. This suggests that the ACC exerts a direct role in the mechanism of acupuncture at contra-lateral ST 38 in patients with CSP. In a previous study,[@b30-jpr-11-505] researchers have found that patients with migraine in the interictal phase showed lower BOLD-fMRI signals in the brainstem compared with healthy controls. Furthermore, recent studies[@b31-jpr-11-505]--[@b34-jpr-11-505] have shown that the periaqueductal gray matter (PAG), located within the brainstem, is a key region involved in the endogenous pain inhibition by descending modulation of spinal cord neurons. It can be inferred that it regulates the dysfunction of the ascending input/descending modulation system when we acupuncture at ipsilateral ST 38 in patients with CSP.

Many studies have indicated that acupuncture treatment regulates the impaired descending pain modulatory system in CSP[@b34-jpr-11-505],[@b35-jpr-11-505] and other chronic pain conditions.[@b36-jpr-11-505],[@b37-jpr-11-505]

Different needling positions in different empirical acupuncture treatment paradigms may play a role in modulating pain-related neuronal functions.[@b35-jpr-11-505] Contra-acupuncture led to a change in supplementary motor area which is clearly associated with shoulder mobility function (CMS scores), and CMS scores are obviously superior compared with ipsi-acupuncture. On the contrary, limbic lobe was found to be decreased on ReHo signal after ipsi-acupuncture. This result was consistent with the previous finding that acupuncture could modulate the limbic--paralimbic--neocortical network in healthy volunteers.[@b38-jpr-11-505] Moreover, we also found some frontal lobe or parietal lobe brain regions, which are associated with memory and cognition process in both groups. Many previous studies[@b39-jpr-11-505]--[@b43-jpr-11-505] have shown that acupuncture in healthy subjects or in patients with pain evokes deactivation in the frontal lobe and parietal lobe regions. Combining our results and the previous findings, it is apparent that pain is a complex process with factors related to sensory perception combined cognition. Future studies are needed to shed light on the complex neural mechanism of pain.

After the comparative analysis, we concluded that acupuncture exerted its analgesic effects by directly regulating the ACC and other brain regions with contralateral acupuncture at ST 38, whereas ipsilateral acupuncture may exert its effect on the pathway of brainstem-thalamus-cortex.[@b43-jpr-11-505]

Limitations
===========

It is noteworthy that there are several limitations in our study. First, the generalization of the results from our study to a larger population should be made cautiously, because our sample size is relatively small, and the nonsignificant dif ference in pain intensity may be a result of the small sample size. Future studies with larger sample size may provide larger statistical effect. Second, there was a different educational level between the two groups, but it likely that it did not directly affect the results on shoulder pain. Third, we did not quantitatively evaluate the intensity of deqi sensation, which is thought to have an impact on acupuncture effect. Studies with deqi sensation quantification are needed in future studies. Finally, future studies are needed to examine the clinical effects and illuminate the neural mechanism underlying the contra- and ipsi-acupuncture at ST 38 in healthy subjects.

Conclusion
==========

Our results demonstrate that compared with ipsi-acupuncture, contra-acupuncture at ST 38 has a more specific effect in patients with CSP. In addition, there are different modulation effects on ReHo between contra- and ipsi-acupuncture treatments. Contra-acupuncture showed analgesic effects by directly regulating the ACC and other brain regions, whereas ipsi-acupuncture regulated the dysfunction of the ascending input/descending modulation system in patients with CSP.

Supplementary material
======================

###### 

The whole brain map (group mean) of pre and postacupuncture in each group. The color bar indicates a range of ReHo values between 4.6 (red) and 15 (yellow).

**Notes:** (**A**) The whole brain map (group mean) of contralateral group with preacupuncture. (**B**) The whole brain map (group mean) of contralateral group with postacupuncture. (**C**) The whole brain map (group mean) of ipsilateral group with preacupuncture. (**D**) The whole brain map (group mean) of ipsilateral group with postacupuncture.

**Abbreviations:** L, left; R, right; ReHo, regional homogeneit.
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![Experimental design. A total of 24 subjects were recruited in this experiment. Finally, 20 subjects completed the study and their data were analyzed.](jpr-11-505Fig1){#f1-jpr-11-505}

![Acupuncture stimulation point. Tiaokou (ST 38) belongs to Stomach Meridian, on the lower leg, midway between the tibiofemoral joint line (level with the popliteal crease) and the prominence of the lateral malleolus, one finger-breadth lateral to the anterior crest of the tibia.](jpr-11-505Fig2){#f2-jpr-11-505}

![Comparison of the effect of acupuncture in contra-group and ipsi-group. In this study, the acupuncture effect was post minus preacupuncture in contra-group or ipsi-group. The comparison result was the effect in the contra-group minus the effect in the ipsi-group. The threshold is set to *p* = 0.05 with 738 continuous voxels for whole brain with Gaussian Random Field (GRF) correction. Peak coordinates refer to the Montreal Neurological Institute (MNI) atlas. The bilateral Anterior Cingulate Cortex (ACC, MNI coordinates: −9, 33, 18, voxels: 793, peak intensity: 4.8894, which was extended to Thalamus, callosum, Supper and Medial Frontal Gyrus).\
**Abbreviation:** ACC, anterior cingulate cortex.](jpr-11-505Fig3){#f3-jpr-11-505}

![Comparison of the post and preacupuncture scans in contra-group (**A**) and ipsi-group (**B**). (**A**) Alterations in ReHo in the contra-group (post minus pre, n = 12). (**B**) Alterations in ReHo in the ipsi-group (post minus pre, n = 8).\
**Abbreviations:** ACC, anterior cingulate gyrus; IPL, inferior parietal lobule; PG, postcentral gyrus; ReHo, regional homogeneit; SPL, superior parietal lobule; SMA, supplementary motor area; MFG, middle frontal gyrus.](jpr-11-505Fig4){#f4-jpr-11-505}

###### 

Demographics and characteristics at baseline, and clinical outcomes before and after acupuncture treatment

  Characteristics                                                                       Contra-group (n = 12)   Ipsi-group (n = 8)      *p*-value
  --------------------------------------------------------------------- --------------- ----------------------- ----------------------- -----------
  Age (in years)[a](#tfn2-jpr-11-505){ref-type="table-fn"}                              53.33 ± 5.26 (47--65)   54.13 ± 7.45 (45--65)   0.783
  Education (in years)[a](#tfn2-jpr-11-505){ref-type="table-fn"}                        14.92 ± 2.64 (9--19)    11.63 ± 3.62 (9--16)    0.030
  Gender (M:F)[b](#tfn3-jpr-11-505){ref-type="table-fn"}                                6:6                     4:4                     1.000
  Illness duration (months)[a](#tfn2-jpr-11-505){ref-type="table-fn"}                   4.92 ± 3.40 (2--12)     5.38 ± 3.20 (2--12)     0.766
  Pain intensity (VAS)[a](#tfn2-jpr-11-505){ref-type="table-fn"}        Baseline        67.92 ± 16.16           60.63 ± 7.29            0.250
  Post-treatment                                                        47.50 ± 17.26   51.88 ± 5.30            --                      
  Change (post--pre)                                                    −20.42 ± 5.62   −8.75 ± 2.27            0.122                   
  Function (CMS)[a](#tfn2-jpr-11-505){ref-type="table-fn"}              Baseline        50.67 ± 9.94            56.88 ± 16.69           0.309
  Post-treatment                                                        66.33 ± 11.17   61.38 ± 18.05           --                      
  Change (post--pre)                                                    15.67 ± 3.07    4.50 ± 1.00             0.010                   

**Notes:** Values are presented as mean ± SD (range of minimum--maximum);

*p* values for two-sample independent *t*-tests;

*p* values for Pearson chi-square test.

**Abbreviations:** M, male; F, female; SD, standard deviation; VAS, visual analog scale score, 0--100 mm; CMS, the Constant--Murley score, 0--100 points.

###### 

Alterations in ReHo values (post minus pretreatment) in contra- and ipsi-group

  Group                      Brain regions     Side   MNI coordinates   Cluster size   *t*             
  -------------------------- ----------------- ------ ----------------- -------------- ----- --------- --
  **Contra-group**           **Post \> pre**                                                           
  Inferior parietal lobule   R                 51     −42               21             378   5.3138    
  Anterior cingulate gyrus   L, R              −6     24                48             250   4.9075    
  Inferior frontal gyrus     R                 42     9                 39             93    4.3645    
  **Pre \> post**                                                                                      
  Supplementary motor area   R                 9      −6                69             248   −5.4010   
  Superior parietal lobule   L                 −15    −42               72             209   −5.2592   
  Postcentral gyrus          R                 45     −39               60             119   −4.6164   
  **Ipsi-group**             **Post \> pre**                                                           
  Middle frontal gyrus       L                 −48    30                24             158   4.8663    
  **Pre \> post**                                                                                      
  Limbic lobe                R                 6      24                12             278   −6.4421   
  Thalamus                   R                 12     −24               −3             194   −6.7245   
  Brainstem                  L, R              −9     −27               −39            92    −5.1631   

**Notes:** The threshold is set at *p* = 0.05 with cluster-level correction for each brain region. Peak coordinates refer to the atlas of MNI.

**Abbreviations:** ReHo, regional homogeneit; R, right; L, left; MNI, Montreal Neurological Institute.
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